However, until now there have been differences in the opinions of the existing classification, especially of Shigella flexneri (4, 21, 25 ). Investigators of different countries have indicated the necessity of designating serovar 6 (Shigella newcastle) as an S . flexneri subspecies and even an independent species on the basis of significant differences in the properties of this serovariant (8, (22) (23) (24) (25) . The data on the necessity to subdivide serovar 5 into subserovars 5a and 5b were presented by Khomenko (13) and Timakov et al. (25) .
Shigella are divided into serovars characterized by the presence of serovar-specific antigens (I to VI) and subserovars (mainly "a" and "b"), depending on the combination of these specific antigens with the so-called group-specific antigens (namely 3,4, 6, or 7,8) . Strains devoid of specific antigens are designated as group variants: "y" (-:3,4) and "x" (-: 7, 8) . Instability of the antigenic structures of S. flexneri strains resulted in investigators complicating the scheme by adding new subspecific varieties -lc, 4c, 4d, and so on (4, 21) .
Recent data on the immunochemical structure of S. fzexneri 0 antigen and the genetic control of specific and group-specific antigens not only explain the antigenic variability of these bacteria but, from our point of view, permit the unification of their classification on the basis of these findings. Luria and Burrous (18) first carried out the recombination between Shigella and the donor strain Escherichia coli K-12 HfrC. It was shown that 95 to 97% of lac+ hybrids of S.
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flexneri of serovars 2a, 2b, and 4a lost the corresponding characteri'stic antigens with transition into variant y (-:3,4). Later, in a series of similar matings of the representatives of serovars 1 to 6, it was demonstrated that nearly all strains of serovars of S. flexneri (with the exclusion of serovar 6) could be turned into group variant y (1, 20, 24, 25) .
This observation was very important as it confirmed the suggestion of Simmons made on the ground of immunochernical studies that lipopolysaccharide (LPS) 0 antigen of all serovars of S. flexneri contains group-specific antigen 3,4 as a main primary structure (23) .
S . flexneri base chain has repeating units with the following structure: Rha-1,3-or 1,2-Rha-l,6-N-acetylglucosamine (21) . Component 4 is determined by the group Rha-1,3-Rha (7). It is interesting that the avidity of antibodies 3,4 is directed not only against this rhamnose residue but also against the (1-6) linkage to the Nacetylglucosamine and less so to the (1-3) linkage from the terminal rhamnose (23) .
It was further shown immunochemically that serovar-specific antigens I-11-IV-V and groupspecific factor 7, 8 are the result of modification of antigen 3,4. The biosynthesis of the abovementioned group of antigens is completed from a precursor variant y (antigen 3,4) polysaccharide by incorporating a-glucosyl secondary side chains in a position that is unique to each serovar (21, 23) .
Antigen I11 and group-specific factor 6 contain acetyl groups in LPS in contrast to the above-mentioned antigens. It was stated that factor 6 was defined by group 2-0-Ac-Rha and antigen I11 by grouping (2-O-Ac-Rha)-N-acetylglucosamine (17) . By comparing these data with the above-mentioned findings of Freedlander et al. (7), one can conclude that antigen 6
appears as a result of acetylation of factor 4, and antigen I11 appears as a result of acetylation of complex 3,4. Our investigation of genetic control of S. flexneri serovar and group antigens in recombina-tion experiments with donor strains of E. coli K-12 (1, 20, 24) and other experiments of transfer of antigen 3,4 from Shigella to E. coli K-12 (6) allowed us to conclude that factor 3,4 is controlled by the chromosomal gene localized near the his marker (according to our data cotransduction of his+a3,4+ is 28.5% [l]).
We have postulated that the Tp locus situated near the lac operon is responsible for the synthesis of antigens I-II-IV-V (20, 24) . As is already known, conversion of S . flexneri 0 antigen followed by an appearance of antigens I-II-IV-V and 7,8 was carried out by means of isolated corresponding phages (10, 11, 20) . It has been shown that the Tp locus is a site of attachment of the corresponding prophages. The prophage determining factor 7,8 attaches at the same site (1, 20) .
As far as antigen 6 is concerned, the loss of this factor by some of the his+ hybrids of S. flexneri l b obtained in crosses with different donor strains of E. coli K-12 was shown in our previous experiments (20) . In another series of experiments the loss of antigen I11 by lac+ hybrids of S . flexneri 3a, obtained by mating with active donor strains ofE. coli K-12 (HfrH and S-1601, was demonstrated (25). Among lac+ hybrids devoid of factor 111, we observed that the clones were also devoid of antigen 6. These observations indicated the existence of two sites on the S . flexneri chromosome that were important for genetic control of the synthesis of group-specific factor 6 -one localized in the his region, the other localized in the region of the lac marker.
Later we confirmed our observations on the loss of antigen 6 by a part of the his+ hybrids of S . flexneri lb. However, having used phages specific for S-and R-forms of S. flexneri, we came to the conclusion that the loss of antigen 6 by part of his+ hybrids had been connected to the disturbance in the synthesis of antigen 3,4 as the acceptor of acetyl groups (2). We could not also transfer factor 6 with the his marker in interspecific crosses. On the contrary, in the intraspecific mating of y and x variants of S . flexneri with donor strain of S . flexneri 3c (111:6), we succeeded in transferring factor 6 and antigen I11 with the lac marker (1, 2) .
The transfer of the antigens was rather independent; however, in no case did we observe hybrids acquiring antigen I11 without factor 6 while in cross with variant y; for instance, 8% of the lac+ hybrids acquired only factor 6, and 24% acquired both antigens 6 and I11 simultaneously ( Table 1) .
The genes determining the formation of factor 6 and antigen I11 were inherited by 32% and by 24% of the lac+ hybrids, respectively. We then succeeded in transferring antigens I11 and 6 to the his+ hybrid of E. coli K-12 which had acquired antigen 3,4 in a previous cross. In this case, the pro+ marker was used as the selective. pro + hybrids simultaneously acquiring the lac marker as unselective were characterized by an ability to synthesize factor 6 in loo%, and only 17 to 19% from them acquired antigen 111.
These observations confirm our suggestion on the localization of determinants of the above-mentioned antigens in the lac-pro region and on the closer localization of gene a6 to these markers on the Shigella chromosome. An investigation of the serological properties of hybrids a6+aIII+ in a tube reaction of agglutination with living and heated bacteria helped identify the characteristics of the antigen acquired with the characteristics of antigens I11 and 6 of wild strains of S . flexneri serovar 3c vertants confirmed that factor 6 detected in bacteria was in fact an acetylated form of rhamnose (9) . On the basis of the above-mentioned data, it could be concluded that group-specific factor 6, being the acetylated form of antigen 3, 4 is con-' trolled by a prophage localized on chromosome of S. flexneri in the region of lac-pro markers. This phage is perhaps also necessary for the expression of antigen 111. An analysis of closely related structures of antigen I11 and group factor 6 suggested that the determinant of antigen I11 is probably responsible for the linking of acetyl groups to the other atom of the same nonterminal rhamnose.
Thus antibodies of antigen 111, like antibodies to factor 3,4 (231, are more directed against the 1,6 linkage to the N-acetylglucosamine than to the acetylated form of Rha-1,3-Rha which presents immunodominant sugar of factor 6. It should be mentioned that although antigens 6 and I11 are the acetylated form of the same nonterminal rhamnose according to immunochemical data, they differ from each other by physicochemical properties: antigen I11 is more thermosensitive but less susceptible to the treatment with 1 N HCl, in comparison with antigen 6 (14) .
The data obtained as a whole explained first of all the variability of the antigenic structure of S. flexneri serovars 1 to 5. It is evident that all serovar-specific antigens and group factors 6 and 7,8 are related to converting phages. It provides the possibility of differences not only of antigenic characteristics of the strains of the same serovar, but of clones of the same strain as well.
Theoretically the appearance of factor 3,4 could occur in the population of the representatives of all serovars of S. flexneri. In our previously mentioned studies the dependence of the behaviour of different serovar-specific antigens on their combination with different group-specific factors was stated (20, 24) . Lac+ hybrids of subtype a (la, 2a, 4a, 5a), in combination with factor 3,4, lost corresponding serovar-specific antigens with transition into group variant y (15, 18, 24) , whereas strains of serovars l b and 4b (combination with factor 6) were turned into serovar 3 (16, 20, 24) .
The behaviour of antigen V in combination with factor 7,8 is more complicated. Lac+ hybrids obtained from a cross with E . coli K-12 HfrC did not lose either V or 7,8 antigens. In mating with the more effective donor ( E . coli K-12 HfrH), they were turned into x or y variants (25).
Available information suggests that the representatives of subserovars a (la, 2a, 4a, 5a) are monolysogenic strains (with the exclusion of those of serovar 3a). Serovar 3c (III:6) is monolysogenic also. Serovars 2b and 5b are dilysogenic (phages 7,8 and 11, and V, respectively). Serovars l b and 4b are also dilysogenic (phages 6 and I, and IV, respectively), as well as serovars 3a and 3b (phages 6 and 7,8) .
On the basis of genetic findings we suggested that phage 7,8 was characterized by a different kind of linkage with chromosome (tandem?) than were prophages I-11-IV-V. So, in conversion, prophages I-11-IV-V behaved as alleles (one phage is replaced by another); the possibility of subsequent lysogenisation by phages I1 and 7,8 with the formation of serovar 2b (11:7,8) as well as transition of a variant x (-:7,8) into 5b(V:7,8) was demonstrated (10, 11) .
Data of immunochemical investigations could now present stereochemical formulas of polysaccharide determinants of S . flexneri 0 antigen and explain some peculiarities of serological reactions (23) . It has been suggested, for instance, that serovar 2a was formed as a result of incorporation of a-glucosyl secondary side chains along the "down" surface of the main structure of antigen 3,4 and thus was characterized by the formula II:3,4, whereas similar incorporation of a-glucosyl sequences along the "upper" surface of antigen 3,4a completely overcovered this structure (variant x [-: 7, 8] , serovar 5b[V: 7, 8] ). Nevertheless, the 3,4 determinant is a cryptic situation in these antigens.
On the contrary the incorporation of a-glucosyl to N-acetyl-D-glucosamine (serovar 1) leaves factor 4 "opened," masking only component 3. This explains why antigen 6 (acetylated form of factor 4) is always serologically registered in the strains of serovar l b (I:6) and 4b (IV:6), whereas antigen I11 is presented in a cryptic form (21, 23) and is revealed only after the loss of antigens I or IV, respectively (15, 24) .
As for S. flexneri 6 ( S . newcastle), we presented earlier (25) a summary table of differences (in biochemical, synthetic properties, sensitivity to phages and colicins, and so on) existing between bacteria of this serovar '6 and S. fZexneri serovars 1 to 5.
On the basis of significant differences discovered in the structure of LPS of S. newcastle, Simmons does not consider this serovar as one of the serovars of S. flexneri (23) . Recently Katznellenbogen et al. (12) showed that antigen VI corresponds to an 0-specific side chain of LPS of S. newcastle. The immunodeterminant group of it is rhamnosyl-1 ,3-N-acetyl-~-galactosamine. Hence it is evident that antigen VI PETROVSKAYA AND BONDARENKO INT. J . SYST. BACTERIOL.
includes N-acetylgalactosamine instead of Nacetylglucosamine characteristic for S . flexneri, and that 0 LPS of serovar 6 does not include real group factor 3,4. The core structure of S . newcastle LPS is also not identical to that of S . flexneri (23) .
It was shown earlier that, in contrast to the genetic determinants responsible for the synthesis of serovar-specific antigens I to V of S . flexneri, the determinant of antigen VI was not mapped in the lac-pro region (1, 25) . In subsequent work, antigen VI was transferred to E . coli K-12 used as recipient from donor strain S . newcastle (19) .
In the first experiment with selection for the arg+ marker, only 2 hybrids from 85 studied acquired antigen VI. Only these 2 hybrids also acquired his+ as an unselective marker. Furthermore, the localization of determinant of antigen VI near the his marker was proved (linkage rate of his+aVI+ was 45.3%; Table 2 ).
Analysis of all data presented results in our recommending the following corrections to the existing classification of S . flexneri and its unification (Table 3) .
First of all we propose the separation of S newcastle (serovar 6) from S. flexneri since, in light of the recent data, its 0 antigen does not include real factor 3,4 specific for Shigella subgroup B (12) . In addition, our genetic data showed different locations on the chromosome of the determinants responsible for serovar-specific antigens I-V and VI (1, 19, 25) . S . newcastle may be considered one of the serovars of Shigella boydii . Immunochemical studies of LPS of these bacteria showed variety in the LPS structure. Among eight chemovars of S .
boydii LPS, two of them (IV and V) contain galactosamine in the 0-specific side chains. The chemovar of serovar 6 ( S . newcastle) may be placed between I11 and IV as an independent serovar in the scheme of Dmitriev et al. (3) .
As to classification of S . flexneri (serovars 1 to 5), we think that it needs unification: all of the serovars could be divided into only two subserovars, a and b. In our previous work we presented genetic evidence of the existence of two subserovars of S. fZexneri serovar 5:5a and 5b (25). According to Khomenko (13) the strains of these serovars circulate independently in nature. This is evident from immunochemical investigations as well (21, 23) .
Contrary to the other serovars, serovar 3 was divided into 3 subvarieties: the simplest formula (III:6) was designated 3c, while the more complex formula (111:6;7,8) was designated 3a. The increase of the number of serovarieties was connected with the detection of factor 3,4 -serovar 3b (111:3,4;6,7,8). Ewing and Carpenter (5) designated strains with antigenic formula III:6;7,8, III:3,4;6, and III:6 as 3a, 3b, and 3c, respectively.
The data of Table 1 show that the transfer of antigens I11 and 6 to y variant leads to the formation of kinds of strains: with the masked antigen 3,4 (that is III:6) or with the preserved one (111:3,4;6). Similarly the strains of serovar 3 were formed from x variant (carrying the corresponding phage 7,8) with two variants also: with antigen 3,4 or without it (which corresponded to subvarieties 3b [III:3,4;6;7,8] and 3a [III:6;7,8] of International Classification).
The possibility of detection of antigen 3,4 in different clones of strains of subvarieties 3a and 3c confirmed these findings (14) and provides no reason to introduce additional subserovars. In our opinion serovar 3 should be divided as other serovars into two subvarieties, a and b. The former serovar 3c, since it is simpler and monolysogenic (phage s), should be designated 3a (III:6) by analogy with the serovars la,2a,4a,5a (Table 3) . Double lysogenic strains with factor 7,8 should be designated 3b (111: 6;7,8) . In both cases antigen 3,4 could be put into brackets.
As to variant x (-:7,8), then, in spite of the fact that the latter is an analogue of serovar-specific antigens I-11-IV-V (glycosylated form of antigen 3,4), we think that its former designation (group-specific factor 7, 8) should be preserved ( Table 3) . The prophage 7, 8 , which determines this antigen, differs from the prophages determining serovar-specific antigens I-11-IV-V. As was mentioned above, prophages of serovar-specific antigens are mutually substituted, but it is possible subsequently to lysogenize with serovar-specific phages and phage 7,8. 
